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proteins that degradated by ubiquitin-proteasome system and involved in









































蛋白質が存在し､酵母では17種類が知られている(Ba主 eta1., 1996; Feldmaneta1., 1997;





























































































































































































































































































































酵母:出芽酵母(Saccharomyces cerevJ'sl-ae) W303B棟( MATαhL'S3 can1-100 ade2
Jeu2 tIPl uTa3 )
大腸菌: XLトblue株
酵母発現Vector
pKT10 ( 2〃m系high-Copyvector )は下記の2種類を用いた｡
PKTIO (UIL43) : Uracilを栄養選択マーカーとして用いる｡
PKTIO (TRPl) : Triptophanを栄養選択マーカーとして用いる｡
*特に記載の無い場合はpKT10 (URA功を用いているものとする.
制限酵素: New eI一gland biolabsのものを用いた
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Blunting : Klenow large fragment (New england biolabs)
脱リン酸化: Alkaline phosphatase (Roche)
DNA polymerase : Takara Ex Taq､ Takara LA Taq､ PyT10bestDNA polymerase
逆転写酵素: M-MLV reverse transcriptase (Invitrogen)
Western bloting関連抗体
Anti-HA High Affinity clone 3F10 : Roche
Allti-FLAG antibody : Sigma
Horseradish peroxidase conjugated anti-mouse IgG : Dako cytomation
Horseradish peroxidase conjugated anti-rat IgG : Dako cytomation
Monoclonal anti-HA agarose conjugate : Sigma
･器具関連
Film : Lumi-film chemiluminescent detection film (Roche diagnostics)
96 well micro-titer plate : GraiIler
2 mL､ 1.5 mLtube : Tokyo watson
ゴムパッキン付2 mLtube : Assist
14 mL tube (clear) : Falcon
50 mL遠沈管: Falcon
lmmobilon-P membrane : Millipore




吸光光度計: DNA濃度測定用DU 640 spectrophotometer (Beckman)
酵母濁度測定用Benchmark plus (Bio-rad)





Mini disk rotor : Bio craft
電気泳動装置: Bio craft
Transfer装置: wet (Bio-rad)､ semi-dry (Nippon-eido )
PCR装置: Mastercycler gradient (Eppendorf)
定量PCR装置: i-cycler (Bio-rad)
UV transilluminator : 3 UV transilluminator NLMSl20E型(UVP)
Auto-sequencer : CEQT" 2000XL (Beckman)
･キット類
DNA ligation kit ver.2 : Takara
ECL reagent : Amersham pharmacia biotech
Geneclean II kit : Takara
Plasmid purification : GenElute′1､M plasmid Miniprep Kit (Sigma)
Protein assay kit : Bio-rad
Sequence kit : CEQ2000 Dye Terminator Cycle Sequencing with Quick Start Kit
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(Beckmam)




Ampicillin sodium salt : Nacalai
Ammonium persulfate : Life technologleS
Bromophenol blue : Wako
D-(+)-glucose : Nacalai
Dithiothreitol (DTT) : Invitrogen
10 mM dNTP Mix, PCR grade : IrlVitrogen
Ethanol : Nacalai
Ethidium bromide (EtBr) : Gibco
EthylenediamifletetraaCetic acid (EDTA) : Wako
Ethylendiamine-N,N,N',N'-tetraacetic acid (TEMED) : Wako
Glass beads : Sigma
Glyclne : Wako
Glycerol : Wako
Lithium acetate : Nacalai




Methylmercury chloride : Wako
Oligo(dT)12_18 Primer : Invitrogen
Phenol : Nacalai
Polyethylene glycol : Nacalai
PolyoxyethyleIle SOrbitan monolaurate (Tween20) : Nacalai
Potassium chloride : Nacalai
RNase H : Invitrogen
Skim milk :雪印乳業
Sodium chloride : Nacalai
Sodium lauryl sulfate (SDS) : Nacalai
Tris (hydroxymethyl) aminomethane : Nacalai
lOxTris-buffered saline : Bio-Fad
･ Buffer関連
Yeast extract-peptone-dextrose (YPD)培地: 1% Bacto-yeast extract, 2% Bacto-peptone,
2% glucose, 40 mg/mL adeniIle
Synthetic dextrose (SD)培地: 0.670/o yeast nitrogen base, 2% glucose, 40 mg/mL
adenine, 20 mg/mL histidine, 60 mg/mL leucine, 40 mg/mL tryptophan, 20 mg/mL
uracil, 1.3 g/L dropout powder
Luria-Bertani (LB)培地: 1% Bacto-tryptone, 0.5% Bacto-yeast extract, 1% NaCl, pH7･5
-14-
蛋白質抽出用Buffer C:20mMTris-HCl (pH7.5), I mM EDTA, 5 mM MgC12, 50mM KCl,
5% glycerol
SDS-PAGE濃縮ゲル調整用Buffer : 0.5 M Tris-HCl (pH6.8), 0.4% SDS
分離ゲル調整用Buffer : I.5 M Tris-HCl (pH8.8), 0.4% SDS
2×Sample buffer : 12.5%濃縮ゲル調整用Buffer, 10%glycerol, 2%SDS, bromophenol
blue
TES solution : 10 mM Tris-HCl (pH7.5), 10 mM EDTA, 0.5%SDS
Transfer Buffer
Wet用: 200 mM Glycine, 25 mM Tris-HCI
Semi-dry用: 25 mM Tris-HCl, 250 mM Glycine, 0･02% SDS
TBS : 20 mM Tris-HCl (pH7.5)､ 150 mM NaCI
TTBS : 0.05% Tween20/TBS
Blocking solution TBS系: Nacalai (1次抗体希釈用)
Blocking solution : 5% skim milk/TBS
l次抗体用solution : blocking solution TBS系(Nacalai)+0.05% NaN｡









ス電気泳動後､目的サイズのDNA断片をゲルより切り出し､ Geneclean II kitを用いて
精製した｡得られたDNA断片と､予めPvuIIで切断後精製しておいたpKTIOをDNA
ligation kit ver.2　を用いて以下の用量で連結し､大腸菌(XLトblue)に導入した
(Hanahan etal., 1983)0 Competent cell溶液50lLLにプラスミド溶液を加え､氷上に
30分静置した後､ 42℃で45秒間の熟ショックをかけ､さらに氷上に2分間静置した後､
ampicillin sodium salt lOO〃g/mLを含むLB寒天培地に塗布し､ 37℃で一晩培養した｡
形成されたコロニーをampicillin sodium salt lOOFLg/mLを含むLB培地2 mLで一晩振





























































































































酵母からのchromosomal DNAの抽出はglass-beads法(Hoffman et a1., 1993)によ
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って行った｡まず､ singlecolonyをSD培地2mlに植菌し､ 30℃で一晩振畳培養した後､
集菌してbreakingbu恥r(92%TritonX-100､ 1%SDS､ 100mMNaCl､ 10mMTris-HCl
(pH8.0) ､ 1 mM EDTA (pH8.0)) 200　〃 1に　懸　濁　し　た｡　こ　れ　に
phenol/chloroform/isoamylalcohol (25:24:1) 200〃1およびglass-beads 0.5 gを加え3
分間激しく撹拝した後､ 12,000Ⅹgで5分間遠心して水層のplasmid溶液をethanol沈殿
し､滅菌蒸留水を加えて300〃1とした｡





RNA抽出はHot phenol法(Schmitt et a1., 1990)で行った｡酵母株をSD培地2 mL
に植菌し30℃で一晩振畳培養した後､この培養液をSD培地50mLに再び植菌して5×106









oligo(dT)⊥2_1g primerを加え､70oCで10分間加熟した｡冷却後､ 1 LLLの10 mM dNTP mix､
2LLLのDTT､4LLLの5×First strand bufferを加え､42oCで5分間incubateした｡incubate












60℃　30 sec -plus loC 30 sec →plus loC 30 sec-to show melt curve
反応溶液組成
Template CDNA: 5〃L (cDNA溶液を200倍希釈し､使用した｡ 100倍,1000倍,10000
倍希釈も作成し､検量線作成に用いた｡ )
iQT" SYBR Green supermix : 12.5FLL




























































































水銀を100〃L加えた( final :0､ 1FLMとなる)0 30oCで3hr静置培養した後､集菌し､
100FLLの滅菌水で懸濁し､ 1×107､ 1×106､ 1×10-r'cells/mLとなるようにそれぞれ希釈し､
5〃Lスポッテイングした｡ (final: 5×104､ 5×10:1､ 5×102cells/spotとなる)｡気相インキ
ュベーターを用いて30℃で培養後､観察した｡
2-7　液体培地での耐性試験
0､ 200､ 400､ 600､ 800､ 1000､ 1200､ 1400 nMにそれぞれ希釈したメチル水銀を
96wellmicro-titerplateに20LLLずつ分注する(final : 0､ 20､ 40､ 60､ 80､ 100､ 120､
140nMとなる)｡空ベクターpKTIOのみを導入した株､もしくは何らかの蛋白質をコード
する遺伝子を組み込んだpKTIOを導入した株､それぞれの株をSD培地2 mLに植菌し
30oCで一晩振畳培養した後､ 5.56×104cells/mLとなるように希釈し､ 96well micro-titer




0､ 600､ 800､ 1000､ 1200､ 1400､ 1600､ 1800 nMにそれぞれ希釈したメチル水銀















MS-100Rを用いて3 min, 4000 rpmで酵母を破砕後､ 12000×g, 30 minで遠心分離し､













可溶性画分のみを採取した｡蛋白質量を定量後､ 2 mg/500LLLとなるようにBuffer Cで
希釈し､約20〃L分の予めTBSで3回washしたaIlti-HAagarosebeadsを加え､ 4oCで
約半日間incubateした｡ incubate後､ 5回TBSでwash後､ beadsを含めて全量が70〃
LとなるようにTBS､ 2×samplebufferを加えた(beads:20〃し､ TBS: 25〃し､ 2×sample






(条件: 50 mA/秩, 3hr)0
2-13 1mmunoblotting















Coslll､ Ctf13､ Dia2､ Flml､ Met30､ Ydr219C､ Ydr306CまたはⅥ1149Wを高発現さ
せても酵母のメチル水銀感受性に影響は認められず､ Cdc4､ Elal､ RcylまたはYn13llc
を高発現する酵母はメチル水銀耐性を示したものの､その程度はあまり強くなかった(Fig.
3)｡それに対してGrrl､ Hrt3､ Ufol､ Ydr13lcまたはYlr224Wの高発現酵母では顕著な
耐性が認められた(Fig. 3)｡これら17種のF-box蛋白質を高発現する酵母のメチル水銀毒
性に対する感受性を液体培地培養によっても検討したところ､ Grrl､ Hrt3､ Ufolまたは
Ylr224Wの高発現酵母のみがメチル水銀耐性を示し､特にHrt3またはYlr224Wの高発現
酵母は強いメチル水銀耐性を示した(Fig. 4)｡これらの結果から､ Cdc4､ Elal､ Grrl､











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































酵母:出芽酵母(Saccharomyces cerevl'sl'ae) AH IO2株
酵母発現Vector
pRS314 ( low-Copy vector )
Yeast two-hybrid法用Vector
pASトCYH2 ( bait ) : Baylor college of medicine
pACT2 ( pray ) : Baylor college of medicine
Western blotting関連抗体
Anti-HA Affinity Matrix : Roche (ユビキチン化検出時に用いた)
-41 -
MG132 :ペプチド研究所
1, 10-phenanthroline monohydrate : Nacalai






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































酵母:出芽酵母(SacchaITOmyCeS CereVl'sL'ae) BY4742株(MATahl'S3A 1 leu2AO lys2
A Oura3△ 0)
欠損酵母ライブラリー: Complete set of Saccharomyces cerevJ'sl'ae deletion strains:
COMP-SETl･ α (haploid MATα) (BY4742株)
･試薬関連
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酵母:出芽酵母(Saccharomyces celleVl'sjae) W303B棟( MATαhL'S3 can1-100 ade2
1eu2 tIPI was )
大腸菌: XLl-blue株





Anti-HA Iligh Affinity : Roche
Anti-FLAG arltibody : Sigma
Anti-ubiquitin (Polyclonal) : Sigma
Anti-ubiquitin (monoclonal) : Medical and biological laboratories
Horseradishperoxidase conjugated anti-mouse IgG : Daco cytomation
Horseradish peroxidase conjugated anti-rabbit IgG : Daco cytomation
Horseradishperoxidase conjugated anti-rat IgG : Dako cytomation
-72-
Monoclonal anti-HA agarose conjugate : Sigma
制限酵素: New England Biolabsのものを用斗ゝた
DNA polymerase : Takara Ex Taq､ PyT10best DNA polymerase
逆転写酵素: MIMLV reverse transcriptase (Invierogen)
･キット類
DNA ligation kit ver.2 : Takara
ECL reagent : Amersham Pharmacia Biotech
Geneclean II kit : Takara
Mutation kit : QuikChange'r" site-Directed Mutagenesis Kit (Stratagene)
Plasmid purification : GenElute'r" plasmid Miniprep Kit (Sigma)
Protein assay kit : Bio-Rad
Sequence kit : CEQ2000 Dye Terminator Cycle Sequencirlg With Quick Start Kit
(Beckmam)




Ampicilin sodium salt : Nacalai
Ammonium persulfate : Life TechnologleS
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lOmM dNTP Mix, PCR grade : Invitrogen
Ethanol : Nacalai
Ethyleridiamine-N,N,N',N'-tetraacetic acid(EDTA) : Wako
Glass beads : Sigma
Glyclne : Wako
Glycerol : Wako
Lithium acetate : Nacalai
Magnesium chloride hexahydrate(MgC12-6H20) : Nacalai
2-Mercaptoethanol : Nacalai
N-N'一Methylenebis-acrylamide : Wako
Methylmercury chloride : Wako
Oligo(dT)12_lh Primer : Invitrogen
Phenol : Nacalai
Polyethylene glycol : Nacalai
Polyoxyethylene sorbitan monolaurate (Tween20) : Nacalai
Potassium chloride : Nacalai
Rnase H : Invitrogen
Skim milk :雪印乳業
Sodium chloride : Nacalai
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Sodium lauryl sulfate (SDS) : Nacalai
Ethylendiamine-N,N,N',N'-tetraacetic acid (TEMED) : Wako
Tris(hydroxymethyl)aminomethane : Nacalai
/
10×Tris-bu恥red saline : Bio-Rad
･ Bu恥r関連
Yeast extiact-peptone-dextrose (YPD)堵地‥ 1% Bacto-yeast extract, 20/. Bacto-peptone,
2% glucose, 40 mg/mL adenifle
Synthetic dextrose (SD)培地: 0･670/o yeast nitrogen base, 2% glucose, 40 mg/mL
adenine, 20 mg/mL histidine, 60 mg/mL leucine, 40 mg/mL tryptophan, 20 mg/mL
uracil, 1.3 g/L dropout powder
Luria-Bertani (LB)培地: 1% Bacto-tryptone, 0.5% Bacto-yeast extract, 1% NaCl, pH7.5
蛋白質抽出用Buffer C:20 mM Tris-HCl(pH7.5), 1 mM EDTA, 5 mM MgC12, 50 mM KCl,
5% glycerol
SDS-PAGE濃縮ゲル調整用Bu恥r : 0.5 M Tris-HCl(pH6.8), 0.4% SDS
分離ゲル調整用Bu恥r : 1.5 M Tris-HCl(pH8.8), 0.4% SDS
2×Sample buffer : 12.5%濃縮ゲル調整用Buffer, 10%glycerol, 2%SDS, bromophenol
blue
-75-
YES solution : 10 mM Tris-HCl(pH7.5), 10 mM EDTA, 0.5%SDS
Transfer Buffer
′
wet用: 200 mM Glycine, 25 mM Tris-HCI
semi-dry用: 25 mM Tris-HCl, 250 mM Glycirle, 0.02% SDS
TBS : 21o mM Tris-ficL(pH7.5)､ 150 mM NaCI
TTBS : 0.05% Tweer120/TBS
blocking solutioII TBS系: Nacalai(1次抗体希釈用)
blocking solution : 5% skim milk/TBS
l次抗体用solution : blocking solution TBS系(Nacalai)+0.05% NaN.･う
2次抗体用solution : 0.5% skim milk/TBS
･器具関連
Film : Lumi-film chemiluminescent detection film (Roche diagnostics)
96 well micro-titer plate : Grainer
2 mL､ 1.5 mLtube : Tokyo Watson
ゴムパッキン付2mLtube : Assist
14 mL tube(clear) : Falcon
50 mL遠沈管: Falcon
Immobilon-P membrane : Millipore




耐性試験用Robot : Biomek 2000 (Beckmam)
吸光光度計: DNA濃度測定用DU 640 spectrophotometer (Beckman)
/
酵母濁度測定用Benchmark plus (Bio-Rad)





MiIli disk rotor : Bio craft
電気泳動装置: Bio craft
Transfer装置: wet(Bio-Rad)､ semi-dry(Nippon-Eido )
PCR装置: Mastercycler gradieflt (Eppendorf)
定量PCR装置: i-cycler (Bio-Rad)
UV transilluminator : 3 UV traIISilluminator NLMS-20E型(UVP)















コロニーをampicillifl SOdium salt lOO〃g/mLを含むLB培地2 mLで一晩振塗培養した
























Sense : 5 '- CATACAATAGAAAAATGGACTACAAGGATGACGATG ACAAG GTTAG

















































40% polyethylene-glycol (4000) 300〃 Lを加え､ 30℃で30分間incubateした｡その後､
42℃で15分間の熟ショックをかけた後に集菌し､100〃しの滅菌水で懸濁してSD (-uracil,
-tryptophan, or -uracil/tryptophan )寒天培地に塗布し､ 30oCで2日間培養した｡





RNA抽出はHot phenol法(39)で行った｡酵母株をSD( -uracil, -tryptophan, or
-81 -
-uracil/tryptophan )培地2 mLに植菌し30℃で一晩振畳培養した後､この培養液を
SD( -uracil, -tryptophan, or -uracil/tryptophan )培地50 mLに再び植菌して5× 106









oligo(dT)12_18 Primerを加え､70oCで10分間加熟した｡冷却後､ 1 LLLの10 mM dNTP mix､
2FLLのDTT､4fLLの5×First strand bufferを加え､42oCで5分間incubateした｡incubate














60℃　30 sec →plus loC 30 sec →plus loC 30 sec-to showmeltcurve
反応溶液組成
Template CDNA: 5〃L (cDNA溶液を200倍希釈し､使用した｡ loo情,1000倍,10000
倍希釈も作成し､検量線作成に用いた｡ )












































結することで各々の領域､ UbL(2-76 amino acids; ref. 10)､ UBAl (147-186amino acids;
ref. 40)､ UBA2 (356-395 amino acids; ref. 9)を欠失させた｡
pngl tlruncation niutantも同様の反応条件と以下に示すprimerを用いて､ template
としてPNGl/pKTIOもしくはPNGl-HA/pKTIONhe l siteを変異導入し作成した｡Pngl


















yRAD23 UbL domain 5'側
Sense:
5 '- CAAC ATACAATAGAAAAATG GAGCTCTTAACCTTTAAAAATTTCAAG- 3 '
AIitisense:
5 '一CTTGAAATTTTTAAAGGTTAAGAGCTCCATTTTTCTATTGTATGTTG-3'
yFLAG-RAD23 UbL domain 5'側
Sense: 5 '-CAAGGATGACGATGACAAGGAGCTCTTAACCTTTAAAAATTTC-3'
Antisense:
5 '-: GAAATTTTTAAAGGTTAAGAGCTCCTTGTCATCGTCATCCTTG-3 '
yRAD23 UbL domain 3'側
Sense: 5 '-CATGGTTTCTCAAAAAGAGCTCACGAAGACCAAAGTAAC-3'
Antisense: 5'-GTTACTTTGGTCTTCGTGAGCTCTTTTTGAGAAACCATG-3 '
yRAD23 UBAl domain 5'側
Sense: 5'-CGGGATTCGTGGTGGGAGAGCTCAGGAACGAGACCATCGAG-3'
Antisense: 5 '-CTCGATGGTCTCGTTCCTGAGCTCTCCCACCACGAATCCCG-3'
yRAD23 UBAl domain 3'側
Sense: 5 '-GAATATCTACTGATGGAGCTCCCAGAAAATCTGCGTC-3 '
Antisense: 5'-GACGCAGATTTTCTGGGAGCTCCATCAGTAGATATTC-3'

















0､ 1､ 2､ 3､ 4､ 5､ 6､ 7〃Mにそれぞれ希釈したメチル水銀を96wellmicro-titerplate
に20fJLずつ分注する(final :0､ 100､ 200､ 300､ 400､ 500､ 600､ 700 nMとなる)o
空ベクターpKTIOのみを導入した株､もしくは何らかの蛋白質をコードする遺伝子を組み
込んだpKTIOを導入した株､それぞれの株をSD培地2 mLに植菌し30℃で一晩振畳培
養した後､ 5.56×105cells/mLとなるように希釈し､ 96well micro-titerplateにそれぞれ
の希釈系列に対して3 wellずつ､ 1 wellあたり180LLL添加する(final : 1×105cells/well
となる)0 plateの周囲にビニールテープを巻いて密封後撹拝し､気相インキュベーターを









MS-100Rを用いて3 min, 4000 rpmで酵母を破砕後､ 15000rpm, 10mi1-で遠心分離し､


























4000rpmで酵母を破砕後､ 15000 rpm, 10minで遠心分離し､上澄を1･5 mLtubeに移
して再び15000rpm, 10minで遠心分離を行った｡先の操作を2度繰り返し､可溶性画分
のみを採取した｡蛋白質量を定量後､ 2 mg/300〃LとなるようにBu恥r Cで希釈し､約
20〃L分の予めTBSで3回washしたanti-HA agarose beadsを加え､ 4oCで約半日間
incubateした｡ incubate後､ 5回TBSでwash後､ beadsを含めて全量が120〃Lとなる
ようにTBS､ 2×sample bufferを加えた(beads:20FLL､ TBS:50〃し､ 2×sample buffer:50










(条件: 50 mA/枚, 3hr)0
Immunobloting




















































































Figure 1 ･ Effect of overexpression of Rad23 0n sensitivity to
methyJmercury in yeast ( SaccharomyFeS CWeVisiae)
Yeast ceJIs carrying pJasmjds F7AD231PKTIO(Rad23;white clrCle) or
pKT1 0(Control;black square), as indicated,were grown in SD(-uracil) medium that
contained methyJmercuric chloride (MeHgCl)_ After a 48-hr incubation, absorbance at
600 nm was measured spectrophosphometricaJJy. Each point and bar represent the
mean value and S. D. results from four cultures. The absence of a bar indicates that the
S･ D. fa"s within the symbol.
-95-
Ub: ubiquitin
El : ubiquitin activating enzyme I･ Prevent ubiquitin chain extension.




Figure 3. Truncation mutants ot Rad23
UbL : Ubiqujtin-like domain















Figure 4. Effect of overexpression of Rad23-truncation mutants
on eensitivity to methyLmercury
Yeast ce"s carryJng PJasmids F7AD23lPKTI 0 (Rad23,lWhite square), F7ad23-UbLA-
pKTI 0 (UbLA;black circle), RAD23-UBAIA-PKTIO (UBAIA;b一ack triangJe),
F7AD23-UBA2A-PKTI 0 (UBA2Awhite triangle), RAD23-UBAI AUBA2A-PKTI 0
(uBAIAUBA2A;white circle) or PKTI 0(Control;black square), as indicated,were
grown in SD(-uracil) medium that contained MeHgCl. After a 48-hr incubation,
absorbance at 600 nm was measured spectrophosphometrica"y･ Each point and
bar represent the mean va一ue and S･ D･ results from four cu仙res･ The absence








Figure 5･ Effect of overexpression of Rad23 0n ubiquitination of
intraceHular proteins in SaccflarOmyCeS CerleVisiae
Yeast ce‖s carry-Lng Plasmids F7AD23/PKTI 0(Rad23) or PKTI 0(Control)･ as indicated･were
grown in SD(-uracil) medium･ Lysates of these cells were subjected to immunoblotting
ana一ysis with ubiquitin-specific antibody･ Staining with Coomassie blue (left pane一) in shown







Figure 6. Effect of overexpression of Rad23･truncation mutants on
ubiquitination of intracelJular proteins
Yeast cells carrying plasmids RAD23-PKTI 0(Rad23), F7ad23-UbLAIPKTI 0, RAD23-
UBAI A-PKTI 0, RAD23-UBA2A-PKTI 0, F7AD23lUBAIAUBA2A-PKTI 0 or
pKT1 0(Control), as indicated,were grown in SD(-uraciL) medium･ Lysates of these cells
were subjected to jmmunoblotting analysis with ubiquitin-specific antibody(right upper
panel) and anti-FLAG antibody (right lower panel)I Staining with Coomassie blue (left
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Figure 7-1. Effect of overexpression of Rad23-binding proteins
on sensitivity to methylmercury
Yeast celfs carrying plasmids PNGl-pKT10 (Pngl), DD/1-pKT10 (ddil), UFL}pKTIO
(Ufd2)or pKT1 0(Control;black square), as indicated,were grown in SD(-uracil)
medium that contained MeHgCl. After a 48-hr incubation, absorbance at 600 nm was
measured spectrophosphometricaHy. Each point and bar represent the mean vaJue
and S. D. resultsfrom four cultures. The absence of a bar indicates thatthe S. D.









Figure 7-2･ Effect of overexpression ot Rad23-binding proteins
on sensitivity to methyLmercury
Yeast ceHs carrying plasmids DSK21PKT1 0 (Dsk2) or pKT1 0(Control;black square),
as indicated,were grown in SD(-uracil) medium that contained MeHgCl･ After 24 and
48-hr incubation, absorbance at 600 nm was measured spectrophosphometricaHy･
Each pointand bar represent the mean value and S･ D･ resultsfrom four cultures･













Figure 7-3. Etfect ot overexpression of
Rad231bjnding proteins on sensitivity to
methylmercuⅣ
Yeast cells carrying pIasmids FZAD7-PKTI 0 (Rad7),
F7AD14lPKTI 0 (Rad1 4),F7PL40A-PKTI 0
(Rpl40A),i?PL40EipKT1 0 (Rpf40B),
FTPSIA-PKTI 0 (RpsI A) or PKTI 0(Control;black
square), as indicated, were grown in SD(-uracil)
med山m that contained MeHgCl. After 24 and 48-hr
incubation,absorbance at 600 nm was measured
spectrophosphometricatly. Each point and bar
represent the mean va一ue and S. D. results from
four cultures. The absence of a bar indicates that
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Figure 8･ Effect of overexpression of Rad23 0n Pngl concentration
Yeast cells carrying plasmids FLAG-RAD231PKT1 0 /pKT1 0(Trp), PKTI 0/PNG1-HA-
pKT1 0(Trp), FLAG-RAD23-pKT1 0 /PNGl-HAIPKTI 0(Trp) or pKT1 0/pKT1 0(Trp)
(control), as indicated,were grown in SD(-uraciL･-triptophan) medium･ Lysates of
these ce‖s were subjected to immunoblotting analysis with anti-HA antibody(upper
panel) and antトFLAG antibody (middle panel)･ Staining with Coomassie b一ue (lower
panel) in shown as an indication of the amount oHotaL protelLn loaded･
png1 -日A Png1 -HA作LAG-Rad23
Time after addition of cycloheximide (hr)
0 1　2　4　8 16　0 1　2　4　8 16
LB: anti-HA
IB: anti-FLAG





Figure 9･ Effect of overexpression of Rad23 0n Pngl turnover
Yeast ce"s carrying plasmids PKTI 0/PNGl-HA-PKTI 0(Trp) Or FLAGIRAD23-PKTI 0
/pNGl-HA-PKTIO(Trp) as indicated.were grown in SD(-uraciI, -triptophan) medium
at the idicated time in the presence of lOOLAg/mL cycloheximide. Lysates of these
ce"s were subjected to immunoblotting analysis with anti-HA antibody(upper panel)
end anti-FLAG antibody (middle panel). Staining with Coomassie blue (lower panel)














Figu帽10･ Effect of overexpression oI Rad23 0n the levels of Pngl
ub]lquitJlnation
Yeast ceLIs carrying plasmids FLAG-RAD23/PKTI 0(Trp), PKTI 0/PNGl-HA-PKTI 0(Trp),
FLAG-F7AD23pKTI 0/PNGl-HA-PKTI 0(Trp) or PKTI 0/PKTI 0(Trp) (Control), as
indicated,were grown in SD(-uracil,-triptophan) medium. Lysates of these ceJIs were
immunoprecipitated with anti-HA agarose conjugate, and subjected to immunoblotting
analysis with anti-FLAG antibody (upper panel) ,ubiquitin-specific antibody(middle panel)











Figure lt Effect of overexpression of Rad23 0n Pngl mutant
concentration
Yeast ce一ls carrying plasmids FLAG-RAD23-PKTI 0/PKTI 0(Trp), PKTI 0/PNG 1-HA-
pKTI 0(Trp), FLAG-RAD23-PKTI 0/PNGl-HA, PKTI 0/PNGl(Kl 1 OA)-HA-PKTI 0(Trp)I
FLAG-RAD23/PNGl(Kl lOA)-HA-PKTI 0(Trp) or PKTI 0/PKTI 0(Trp) (Control), as
indicated,were grown in SD(-uraci),-triptophan) medium･ Lysates of these cells were
subjected to immunobLotting analysis with anti-HA antibody(upper panel) and anti-
FLAG antibody (midd一e panel). Staining with Coomassie blue (lower panel) in shown

















Figure 12･ Effect of overexpression of Rad23 0n the 一eve一s of
ubiquitination of Pngl mutant
Yeast cells carrying plasmids FLAG-F7AD23-PKTI 0/PKTI 0(Trp), PKTI 0/PNG1-HA-
pKT10(Trp), FLAG-RAD231PKT1 0/PNGl-HA-pKT10(Trp) or pKT1 0/pKT1 0(Trp) (Control), as
indicated,were grown jn SD(-uraciJ.ltriptophan) medium. Lysates of these cells were
immunoprecipitated with anti-HA agarose conjugate, and subjected to immunobJotting
analysis with anti-FLAG antibody (upper paneJ) ,ubiquitjn-specific antibody(middle panel)







Figure 131 Effect of overexpression of Pngl mutants on sensitivity to
methylmercury
Yeast cells carrying plasmids PNGl-pKT1 0 (Pngl ;white circIe), PNGl/H21 8A-pKT1 0
(pngl -H21 8A;white triangle), PNGl/D235A-pKT1 0 (Pngl -D235A;black triangle) or
pKT1 0(Control;black square), as indicated upper panel,were grown in SD(-uracil)
medium that contained MeHgCl. After a 481hr incubation, absorbance at 600 nm was
measured spectrophosphometrically, Each point and bar represent the mean value and
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UbiquitinatedproteinS
Figure 14･ Effect of overexpression of Ddil on the ubiquitination of
intracellular proteins
Yeast cells carrying plasmids FLAG-F7AD231PKTI 0, FLAGIDD/1-PKTI 0 or pKT1 0(Control)
with PNGl-HA-pKT10, as indicated,were grown in SD(-uracil,-triptophan) medium. Lysates of
these ceHs were subjected to immunobLotting analysis with anti-HA antibody (upper panel)
and ubiquitin-specific antibody (middle panel)- Staining with Coomassie blue (Jower panel) in













Figure 15. Effect of overexpression of Ddil on Pngl ubjquitination
Yeast ceIIs carrylng plasmids FLAGIRAD23-PKTI 0, FLAG-DD/1-PKTIO or
pKT1 0(Control) with PNGl-HA-pKT10, as indicated,were grown jn SD(-uracil,-trjptophan)
medium. Lysates of these ce"s were immunoprecipitated with anti-HA agarose conjugate,
and subjected to immunoblotting analysis with anti-FLAG antibody (upper paneJ),











Figure 16･ Effect ot overexpression ot Dsk2-UBA domain into
Rad23-UBA2A-truncation mutants on sensitivity to
methyLmercury
Yeast cel一s carrying plasmids Dsk21PKTI 0 (Dsk2), F7ad23lUBA2A-PKTI 0 (UBA2
A), DSj(21UBA into RAD23-UBA2A-pKT10 (UBA2A+UBA(Dsk2)) or
PKTI 0(Control), as indicated upper panel,were grown in SD(-uracil) medium
that contained MeHgCl･ After a 48-hr incubation, absorbance at 600 nm was
measured spectrophosphometrically･ Each point and bar represent the mean
value and S_ D. results from four cultures. The absence of a bar indicates that
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